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__GNERATION OF DC VOLTAGE FOR 4 CORONA MEASURING DEVICE 


ear Mage 
Suamery: The conditions prevailing in ie large-scale experimental guvice for power — 
determine the S_tesuivements for 


tranamiesion with high-voltage DC shew ths: 7 
d CUBE POCAYVE 

a DC corona measuring device. The voltage should be abaginee’ ? +400 kV against ground, 

with a direct current of at least 50 mA. The ripple of the DC voltage should be no 


nts” < voltage and current rN 


more than 5%. 

For generating gf DC voltage with mechanical rectifiers, five different circuits 
were investigated, using the 45060 kV transformers of tre three-phase current measuring 
device. Of vbere five circuits, the Greinacher circuit proved to be the most suitable. 
It supplies ‘Dera. 100 mA, “with a two-phase ripple of 2x 2. 5%, so that no smoothing is 


required. 


Introduction: The three-phase corona measuring device to be delivered by TRO to 


MfK is to be expanded by the inclusion of a DC measuring device. Three single-phase 
bransformers with a voltage of 500 kV and an oubputk of 250 kVA are to be used, 
The report below investigates the possibilities of generating DC voltage and 


determines the most suitable eircuit by mathematical means, 


Approved For Release crorecet : CIA-RDP83-00415R004400020008-2 


Approved For Release 2002/01/16 : CIA-RDP83-00415R004400020008-2 


SECRET 


1. Specifications for the DC voltage 


fice casi SAN A Ne Fe SB et eb REAM ORE. 


Mag wi! tude wf 
1,1) dace of the DC voltage: The large-scale experimental set for power trans— 


mission with high-voltage DC and mercury Nepor rectifiers has a transmission voltage 

of 220 kV against ground. The blocking voltage ei the placing in series of two 
rectifiers{ In order to render waxkfiring arcback harmless, a third rectifier must 

be connected in series. These difficulties will probably prevent the transmission voltage 
from being increased during the next few Jodie It is thus sufficient to carry out 

corona measurements with a maximum DC voltage of 400 kV against ground. 

1,2) DC Power: According to corona measuremants performed, the losses with three-phase 
current in ee hollow conductors amount to 150 kW/km or 50 kW/km per phase. 

For a DC expertihental line of 400 m length, a maximum loss current of 50 mi is assumed. 


At 400 kV, the jose’ power amounts to 20 kw/400 m or 50 kW/ km per phase. 


1,3) Ripple of the DC voléage: The permissible ripple is aleo contingent on the con- 
ditions of power transmitsion with high-voltage DC. The three-phase bridge circuit, 


grounded on one side, supplies a DC veltake with six—phase ripple. The effective 
transfdrmer voltage of the trammmissicn device is U, = 98 kV. The peak value of the 


- uy {3 [2 = 20. 


Ee Ree 
According. es six-phase ripple, the ignition pertea is 60° +The DC voltage decreases 


DC voltage is 


G fo ree st vest Heabion 


to the reversing ype int Se at 


Venin™ 240 sin60? # 208 kV. 


The DC voltage has a mean value of 


Uy * 203k Ug = 230 kV. 


The ripple of the unsmoothed DC vwohtage is 


(240 - 208) 100 _ ng 


2x 230 
In power transmission, the DC voltage is smoothed by a “choke & ‘5-Henry,, in series with 


the cable capacitance. With the xuekifiwom grid control of the rectifiers between 0° 
As a 
and 30°, the ripple will be 1.2 to 3%. PR first’ approximation, the ® AC component will 


correspond to an effective Sane of 


~_208 
Uy = 3 ————" 11,3 ke pe 
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At the effective value » the ripple of the unsmoothed DC voltage is 
11,3 x 100 = 
According to this, it will be desirable to keep the ripple of the DC voltage of the 


corona measuring device helow 5%, 


2. Selection of the Cirtkit for Generation of the De Voltage 
When using tungar tubes for generation of the DC voltage, several tubes would 


have to be connected in perce; because of the high blaeclcing voltage. This cannot be 
ey Crtemits 
accomplished without ee centrol, The heat ipa of the tubes would be expensive ‘ 


since all tubes would be oh different potential, The required power is also difficult 
to obtain with tubes. Mechanical rectifiers are thus more suitable as valve arrays, 


The TRO has developed a mebianical rectifier in which the blécking voltage te of 


iotatin 
500 kV is divided over 11 balls of 30 mn diameter, The contact is accomplished by 4 9 


ideutic 
(eMERB) 10 oy balls “go> between thedt balls s(on cardboard ai rns} One rectifier con- 


sists of two valve arrays, displaced electrically by 180°, 


Only those circuits can be used Geonckomee with the mechanical foci tier ,niich 


permit the ae to be grounded. Otherwise the drive motor would have to be supplied 
Thies ’ mm i sob 2 ane 


Zz converter, 

A mitig@-staze multiplication circuit is not required, since the voltage oe pe 

ioe be 
testing transformers, Up = 500 kV. eff ° +5 sufficiently high, and since the blocking of 
the mechanical rectifier is adequate. Fer voltage regulation, a multiplication circuit 
would be unfavorable,: The testing transformers are equipped with pred 6 regulatérs. In 
the case of ea Vis eigen the great control discontinuities in the DC voltage 
di tise OT tant wueut 

would require the ae ‘Gonstant cont “rol devices. 

Because of the transformer utilization. it ‘the line load, only those cireuits can 
be considered which utters both half-waves of the transformer voltage. The center—-tap 
circuit supplies a DC voltage which is too low, Full utilization of the transformer 
voltage can be. accomplished only with bridge circuits. These circuits, however, re- 
quire four or six valve arrays, whiig the ordinary doubling circuits require only two 


valve arrays. The following circuits are thus to bée investigated: 
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Three~-phase bridge circuit 
Single-phase bridge circuit 
Villard circuit 


Greinacher cireuilt 


3. The Villard circuit with >all rectifier 

3.1) Voltages 

The Villard eircuit doubles the transformer voltage (cf. Fig. 1). One half-wave 

cae ether 

of the transformer voltage (Fig. 2) loads conienser C through valve V,. The feikowigny 
EBs half-wave brings the DC condenser G, to the sum of the voltages of the load 
condenser C, and the transformer, through valve w- 
Peak voltage of the DC.: 
z Ug = 242 Urine * 500 kV 

Up = 500/( 22) = 250 kV, 

be able to withstand 

As shown in Fig.2, each valve array must Agom a blocking yorenee double the peak value 


of the transformer dee. 500 kV. 
wath ae 


+ ep 
The testing transformers have @awkage control 


10 kV, ree The control discontinuity in the DC voltage is thus 
UL = 2\2 x 10 = 28.3 kV. 
The ripple of the DC voltage is single-phase (Fig.2). 


= the gives results. 
SPS greed ing ‘one side of, ‘transforme: and rectifier “pu favorable, As the drawing of 


the potentials (Fig.2) shows, the DC condenser Cy is loaded only once during each 

period, so that a large condenser is required. A disadvantage of as pies lies in 
Val 

the fact that the load condenser must be insulated against ground Sex the pene eneses 


of the transformer, piigse. 


3,2) Dimemsions of the tran$formers 
bui lds “PF acess 
The peak value of the DC voltage, 500 kV oft , (tes oR, the DC condenser Cy. The 


load condenser G must be dimensioned for the peak value of the transformer voltage 
of 250 kVax and must be insulated against ground for 250 KV nex 
on highest corona current at a DC voltage of 500 kV is to be 50 mi (see above). 


With + jcoren ees bridge circuit, the voltage fluctuates by 30 kV. A fluctuation of 


30 KV per perdod decd entnlesa bee fon thecrameppainyagesRebsapapscbbanee of the con- 
he eC KET 
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astisess is to be caleuhated accordinzly. 
Discharge of the DC condenser paumanm in one period: 
Q, = 0.05 A .0.02 8 = 6.001 As 
Unax = 500 kV 
Unin = 470 kV 
kf 1) Q= EH C Uns, 
2)Qr=c Unin 
3) Q =Q - Qt = 0.001 As 


1.) C= QU, 2.) c=Q/u, 


1,2) Unin/ Umax = 9'/Q = 470/500 
Qt = Q (470/500 ) 
3.) Q = @ (470/500) = 0.001 
(30/500) Q = 0.001 
Q = 0.0167 Coulomb 
- 1.) ¢= A Unax) 5 = 0.0167 / ae 
C= 0.033 oe = 33,0007" A= = C 

The D@ flows through both condensers; thus both condensers are given the same 
eapacitance, 

3,3.) Calculating the DC voltage under load. 

In one valve array, 20 spark gaps of 1 mm each are connected in series at the 
instant of ignition, so that the ignition voltage of the mechanical rectifier is about 
70 kV max 

The magnitude of the load angle or contact angle is determined not only by the 
diameter of the balls, but also by the length of the are between the balls. Figure 3 
shows are characteristics , with various arc lengths as parameter, It is seen that 
the are becomes unstable even at short lengths, with the current of 0.5 A which a a 
be used in practice. If the deionization, caused by the rapid movement of the ged tine 
ball} is also onsidered, it cannot be expected that the length of the are will be 
greater than 1 cm. The are length of 1 em corresponds to a path of 3 cm of the rolling 
ball, at a ball diameter of 50 mn. an eae of the ball Step. ascoter, rep, 


the contact angle is calculated as: 
Approved For Release 2002/01/16 : CIA-RDP83-00415R@ 0020008-2 
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(2937)/2 = 45.5 om = 360° e1. 
-3 
3 om = (360 x 3)/ 45.5 = 24° el. =1,33x10- 58, 


The test transformer has a stray inductance of 
Cp = 5.1% - | 
OL = (eg 02)/ w] x10 (5. x 5002)/0.25) x 1072 » 51,000 ohm: 
L = 51,000 /314 = 162 Henry 3, 
In order to avoid oscillations and mucm overvoltage, the mix load circuit mst 
be damped aperiodically, cone eee 
— mantooe a= afte =| 1627 Gs10 9) = 140,000 ohms 
The charge of the condenser is caleulated for the highest possible condenser volt- 
age. The following conditions must apply in order to cause ignition in the rectifier: 


By means of a ratary regulator,the igwition point is set in such a way that the center 
of the contact angle and the peak of the transformer voltage will coincide. The trans-. 
former voltage will then change only little within the range of the contact angle. An 
approximate calculation can be carried out on the assumption that the condenser is 
being charged by a constant DC voltage through an ohmic resistancex and a choke. Figure 
4, shows the charging of a condenser through choke and resistance in a circuit with 
preponderant capacitance ( Wallot 1944). The sane current increases with the time 
constant 3k T= L/R. The maxinmm of the current curve lies at the point Shere the 
voltage curve turns, The pect constnt % oe =RC determines the decrease ote charg”? 
current and the increase aBixkie condenser voltage. ‘The peak value of the current, 
caleulated from voltage and resistance, is not reached, because the condenser voltage 
has increased in the meantime. An exact calculation, uelig differential equations or 
pointwise differentiation is a very tine-camsuning process, The comme. of current and 
voltage is thus constructed by means ‘of the time constant. We can thus iene ee ie 
theoretical peak value of the current is reached, t¢gege, 

The charging process is shown in Figure 5, At first, only the shores of the DC 
condenser by the transformer voltage will be considered, 


Time constants: 


Uy = L/R = 162/ 140,000 = 1.15 me = (3600 = 0.00115)/0.02 = 20° el, 
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TU, = R= 110,000 x 33 x 10 = 4.6 ms &(360 x 0.0046) /0.02 = 83%e1. 
Peak value of x charging current: 
Jy = 70,000 V/ 140,000 = O.5 A 


Jz" 0.8 x4, 2004 A 


Cy must be drawn in for the full charzing current J =6.5 A and To for the driving 


volb&ge of 70 kV ( Figure 5). 
| The charging current encloses an area of F = 108 mn“. 
The scales are as follows: 
Abscissa: 12 cm = 360° el = 0,02 sec 
1mm = 1.666 x 10% sec 
Ordinate : 1 mm =0.02 A 
Charge supplied to condenser: 
= 108 mn? x 0,02 A/mm x 1.666 x 107 s/nm = 3,6 x 107 As. 
The voltage of the condenser is thameby increased by 
3.6m 10°H 
Up, = 9/¢ =.033 x 10 1.09 x 10% = 10,900 V 
The Dg vol&age always fluctuates between Urine L74 kV and Unax = 185 kV with a DC 
delivery of 
Q=3.6x 10 As per period or 
Jg = /t = 3.6 x 104/0,02 = 1é m 
The DC is very low. Acthally, it is probably still lower than that. In charging 
with AC voltage, the phase displacement has an effect, so that the current maximum 
will occur later than as ch&iculated on the basis of BC voltage. 
It must also be considered that the transformer voltage will be added to the 


ve| age Ov bering 
hares ef  Mreamn the charge condenser when the DC condenser ae charged: Since the 


charging process for both condensers is the same, the voltage of the DC condensef will 
inerease to twice that of the charge condenser. Two vohtage scales are shown in Figure 
5 for this purpose. The DC voltage will thus be 360 kV with 16 mA DC load. 
If the DC load is less than 18 mA, the voltage will remain the weak The ripple 
STSTUSHCY however » Will change. After charging, under low load, the condenser voltage 


if ¥Frachéed-. 


Rts until the next half-wave in equal phase tazreach the 


Aen. nee decrease gs ote 
ignition voltage, Ge Ignition takes place anly at @ later period. 
If the DC load increases above 18 mA, the charge lags behind the draining of power. 


t equilibrium, The charge can be 
The DC 'verbage. decrepges ess Hb 171 e Tes tab e3-00415R004400020008-2 
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calculated for various mininnim condenser voltages, 

‘The transformer voltage is assumed to be constant and will remain at Up = 2LL kV 
at the instaat of ignition. From Figure 5 it can be deduced that the charge can be 
ealculated as a triangle . 


"Lax dt xm. Lx 3x 1.33 x10> 
Qe 2 as As 


The calculation is shown in the table below. The results are shown in Figure 6, 
Up to the ckttiical load of 18 mA, the DC voltage remains constant. 
fo suchen exten 
At higher loads, the DC voltage decreases soemhnangly 4 that transformer control 
eannot compensate for it. This DC device mkt is thus suitable only for loads below 


18 mA. Because of its low output, 6.5 kW, it cannot be used for corona measurements, 


Villard Circuit with a Transfermer: 


“Comin in = . J, * Qs J, 
(Up-Ugg)/R Jy x 0.8 Lite Text @/0.02 
2 . 
kV A A As a ae 
“he 174 0.5 O.k 0.365 x 1073 "18.2 | 
2. 140 «0. 7hk 0.595 0.543 x 107 27.1 
3. 110 0.957 0.765 0.7 x 1073 35.0 
4. go 117 0.935 0.855 x 10-7 42.7 
5. 50 ”sid1.39 1.11 1.02 x 10” 51.0 a 
uo ofc UGeay.” Sogn? oy Ug = 2U op ve . Nz" J aug 
Sh San Ss | es Pe 
1. 11,000 179.5 359 | 6,530 
2. 16,500 148.25 296 8,000 
3. 21,200 120.6 2h. 8,430 
he. 26,000 93.0 186 7,950 
5. 31,000 65.5 131 6,690 
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4, iy The Villard Circuit with Ball Rectifier 


and with three Parallel bidecisaneicy ; 


Penta matte leat cere SIRS 


Since there are three test transformers available, { ESS ovvious _ y.to increase 
weul 


the DC eater without shanging the design of the coct BST ty 5 te pennect iy the 


transformers in parallel. 
This circuit has the following advantages over a circuit using only one trans- 
former: . 
1. Inductance and charging resistance are reduced to one-third 
2 The charging current attains three times the value of the peak current 
3. The higher charging current allews lengthening of the are and thus makes possible 
a bie contact angle. the 
The disadvantage of this circuit lies in the danger of burning out A contacts due to 
the high charging current. 


= ° 
Time constants: CU, = “a7 L/3 = 1.15 ms = 20° el. 


Un =R OC = 1/3 x 140,000 x 33 x 1079 = 1.54 ms = (360 x 0.00154)/0.02 = 28° el. 
Contact angle: By means of Figure 2, the length of the arc is estimated at 2 cm. The 
au hae »ball covers a path of 48 mm. 

CK =(360 x 4.8 cm) / 45.5 em = 38° el = 12 m 
CX =(0.02 x 38)/360 = 2.11 x 1079 8 
The charge is computed as above, for the maximum DC at the same transformer 
voltage. 
Ignition voltage: Uz = 70 kV 
Transformer voltage at instant of genition: U_z = 238 kV 

The charging ‘voltage is no longer constant, since the contact angte has been in- 
creased. Therefore, the calculation is not made on the basis of the voltage at the in- 
stant of ignition, but rather on the basis of the average taken from the charging volt- 


age at the instant of ignition and the peak point of the transformer voltage, thus: 
24 (Un -Up )+ (Up -U ) 
“L ag gmin “T Cg i 


min 
Peak value of the charging current: J, = U,/ R 
R= 140,000 / 3 = 6,660 ohm. 


The charging process is shown in Figure 6, Since the time constants Yo have 
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decreased considerably, the charging current drops within the ents of the contact 
aggle. A further increase of the charging angle thus would not mk increase the charge 
to any marked degree. The area enclosed by the charging current in Figure 7 is appesxi- 
mately of the same size as the triangle formed by the charging angle as base line and 
the theoretical peak value ef the charging current as height. The charge is thus 
computed as: 
Q = (J, % )/2. 
The shaped’ curretit calculated in the bable below is plotted in Figure 7 for the 


curve volloge 
maximum DC, The ecurse of te DC under load is shown in Figure 8. 
volteé 
Up to a load ais mi, the DC, remains constant. If the load is increased by 0% 
\iage } 


to 120 mA, the DC drops LO kV or 10%. This voltage drop can be compansated for by 
means of the tran8former control, Under a U0 mA load, the reduced charging current 
reaches the peak value of 2.1 A, or 0.7 A per transformer, Since the transformers are 
designed for 0.5 ere? the device can be loaded with a DC of 140 m. 

It remains now to be investigated, whether or not the high charging current will 
cause burning out of the contacts. pone disadvantage of this circuit lies in the 
fact that three parallel transformers will permit the setting up only of a single-phase 
DC measuring apparatus. The high charge by three transformers causes a strong ripple, 
amounting to ie kV under critical load. Calculated on the basis of effective values, 
Yella 4 | 


Bc 
the ripple 


30 will be: 
(52 x 100)/388 = 13.44 
If the Villard circuit were to be used, it would have to be determined whether or 
not a sufficient DC output @an be attained using one transformer and a contact angle 


which has been increased by redesigning. 


Villard Circuit with Three Transformers 


ee U, = s(Upz - Weg in + Jy, = UL/R Jt, = 0.8 Jy 
(Up - nr _ _ 
kV kV peers A eee 
ls 168 716 1.63 1.3 
2. 150 9h 2,01 1.61 
3. 135 109 | 2.3h 1.87 
he 120 Approved For Reld&e 2002/01/16 : CIA-RDP83-00475R604400020008-2 2.12 
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2 J, * 5 o* “Cea. 3,° Ng * 
4(J,0) Q/0.02 Q/L ae +Wor cy Up Jp 
As mA Me 2 2 ee ee Se 
ae 1.72x107° 86 52,000 19k 388 33,400 
2, 2.12x10~> 106 64,000 182 36h 38,600 
3. 2047x107 123.5 75 ,COO 172.5 35 42,600 
he 2.8 x10> 10 85,000 162.5 325 4,5, 500 


= SH 7 The Greinacher Cireuit with Grounding on one Side | with 


ested haat seen Hs * oho 


~ Increased ed Contact Angle 


igs 


ae 
The Greinacher sivas with grounding on one side, also Youbles the voltage. 


* 


However, the center of the condensers can also be grounded. Then the circuiik consists 


of two half-wave eirowits supplied by one transformer. A eras and a negative line 
(500683) bTarned 
with a peak voltage of + 700 kV against ground can thus be Saied=py 


from one trans- 
former. However, in this case, the mechanical rectifier would have to be set up at an 
insulated Tocatiton: and the synchronous motor would have to be supplied through a: 
(insulating semrertes oe the full DC voltage against ground. | 


_ “Te the set chMP YN the Sr ake is grounde@, ,each of ne two DC voltages will have 
One oO € Padé F@) minals 
a single-phase a If (dae &: aubeldes of the condensers ayn eum’ grounded, the DC 
voltage will have a tuscineee ripple, and the rectifier can be ee The amplitude 
Suge ewe I4 uA the 
of the superimposed AC voltages will also decrease, because 4! eye fare gz of A con- 


denser takes place during each half-wave. It thus seems more scart aieis to set up 
two devices with two transformers and to ground them orm one side. 
We shall investigate. a device with unsymmetrical grounding on one sidex by mathe— 
matical means. 
Like in the Villard circuit, the ne~load peak value of the DC voltage is: 
U, =2 ‘2 Urere = 500 k¥ 
u, = 500/(2/(2) "177 KVerr = 250 KV ax 
5. Dimensioning of the condensers 
At half the DC voltage, each condenser mst supply the full DC. Each condenser is 
charged once per period. 
The capacitance of a-pareigi 
Approved For Release 2002/01/16 : CIA-RDP83-00415R004400020008-2 
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eondenser for 250 kV mist therefcre be the same as 
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‘for the DC condenser of the Villard circuit. 
ce = 20 = 2x 33 x 107? farad. 
U/2 = Us = 250 kV. 


5.2. Calculation of the charge. . 
When undamped, the resonance frequency of the circuit is . 
Wy =i /Yuc = 1/( 162 x 3.3 x 107%) = 135 
f, = W/(2a7) = 69 ops. 
The damping reskstance is calculated for the aperiodic limiting case: 
= By = 2\/1/e = 2\he2/(3. 3a 0-8} = 140,000 ohms. 
Ratio between frequency of AC circuit and of undamped circuit: 
> WAH, = 314/435 = 50/69 = 0.722 
x = 0,522 


The Pea value of the AC is — by the equation: 


€ 
U, 
i -\2g2-= 4 — ic (m3 t+ row (t - t,) Be- wot t-+t me 


Calculation of the constants: 
YP = are tan $(1/) -}) = arc tan 3( 1/0.722 - 0.722) = arc tan 0.3315 = are tan 18°209 
| . 0,32 | 
The £gnition point is chasen as: 
= 60° = (0.02 x 60) /360 = 0.00333 s 
A = sin(w, t+) = sin (314 x 0.00333 #0.32) = sin 78.5° = 0.98 
p = U,/ ty = 70,000/250,000 = 0.28 
P= sin (tebe) -p=sinl. am 0,28 = = 0,587 
Bei/)° x us(m%,t, +9 )+Pog— -1/Sx sin( wjt,79 = 
(1/0.522) x 0.199 + 0.587 # (1+ A eae eee 0.98 = 0.736 
wh = 314 x 162 = 51,000 ohm:. - 
iy=V2 (Ung /Wn L S/+d*) | sin(w.,t+9) - SAt+w y(t - a E-(no(t-t,) at 
% sok 
5(250,000/51, 000) (0.522/1. 522)5, sin( 314 t+0.321 - 0.98 + SUs(t-0,00353 0.796 x 
E - g35(¢-0.003339 
w=(1,68 sin 314 t+0.32) - 0.98 + 231(t-0.00333)- 435(t-0.00333) 
(Note: ThesdphromelsBor Ratéade NOOO or éeeRbpsmensteReoaabe 20008-97T ors or 
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The charging current was calcuzatec accordinz to the above forma. The results 
are sews in thé table below. For purposes of abbreviation, the following terms 
of the forma have been replaced by letter symbols: 
(314 t+0.32) = a 
_(% = 0.00333) = b 
0.984231 b x64? Paa 
Using those abbreviations, the forma for the charging current is 
4 = 1.68 ( sina - A) 
ime t indegrees 72 108 126 Tbh 


time t in seeands 0.00 0.00 0.006 —«-—O,007_. 9.008 


3h tb 1.258 1.570 1.888 2.200 2.515 
31, t+ 0.32 =a 1.578 1.890 2.208 —=- 2520 2.835 

31h t+0.322a 90.5 (108.2 126.5 U4.3 162.3 

sin a 1,0 0.9500 ___—0, 80 | 0.58 ) 

TE +-0,00333 = b 0.00067 __0,00157 0.00267 0,00367_____ 0, 00467 

WAX 231b 0.155 0,30 0.6165 0.8h858 1.08 
xioxeix ; 

0,98-+231 b 1.135 -1,%6 «1.5965 1.8285 2.06 

435 b 0.2915 0.727 1.141 1.596 2.030 

435 b log [2/7 0.1265 0.3155 0.5045 0.6945 0.8815 

435b | 1.338 2.065 3.197 4.925 7.60 
-~435b TAB AAAS 0,323 203, 
0.98 #231 b= 0,85 0,661.05 0.371 0.271 

sina-A 0.15 0.289 0.30h 0.2125 0.033 

4 = 1.68(sin a - A) 0,252 0.486 0.511 03357 0.0555 

sas - 3 0 Area(158) Area ,fotal 2 
Degrees e Sec BT cee ate, Gee 

eae See ge 6 - 6 

75 15 0.834 150 150 , 125 

90 99 1.668 380 530 Lh3 
105 as 2.5 514 10bA 8m 
120 60 3.33h 489 1533 1280 
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ae Uoaan Uh 

v Vv 

0 14,6000 
"39785 149785 
13400 159400 
261,00 172400 
38800 184,800 
47250. 193250 


Figure 11 shows that the contact angle is favorable between 60° and 1359,At 
ignition before 60°, the mimimmm condenser voltage decreases too much with respect 
to the peak value of the transformer voltage, due to the high ignition voltage, 
go that the blécking voltage is increased. At an extinction point later than 135° 
there is danger of arcback, If the DC load is below the critical value, the ignition 
voltage is not reached. Toward the end of the contact angle, however, the condenser 
voltage may be higher tis the amount of the ignition voltage than the transformer 
voltage, if the contact angle is too large. In that case, the condenser will dis- 
charge through the transformer. 

For purposes of comparison with the simplified method used above, the charging 
currené is to be calculated also for a given DC by means of the time constants, 

U1 = 1/R= 1.15 ms = 20° el 

Us = RC = 4.6 ms = 83° el 

In the Villard circuit with one transformer, the contact amgle was onlyOc= 215 
In this region, the voltage hardly changes ,» so that the figure for the iggition 
voltage can be assumed to be that for the charging voltage. 

In the Villard circuit with three transformers, the charging angle was dé 38°el1 5 
so that the instantaneous values of the voltage show much more marked differences. 
The calculation therefore employex the average value taken from the voltage at the 


‘ cs & LE ¢ kK ee tag 
instant of ignition and at the peak point. Pos purposesief control) terran 


ae tees. (a5 


also employed here, 
U, = (70 $104)/2 = 87 kV 
J, = 87/140 = 0.62 A 


Jt = MpSrdyes oRélease 2002/01/16 : eT 0s eee 
~ We 
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; Sarg racan Py fess 
The actual value is 0.52 A. The aceuracy is sufficient for: =e specie), me 


"Sana cre 


gngideration, 

In the Villard circuitx with three transformers, the charge was computed by 
means of the triangle as: 

Q=# IL) 

Because of the large contact angle, the value obtained here by this method is too 
low: 

@= 2 (8) = ( 0662 x he165 x 1073)/2 = 1.29 x 1077 As 

The caleulation is more exact if the reduced charging current Jy, ‘ of 87fgxx is 


used as the height and the summ of the time constants as the pase 
g 2-2 (Ff +52) 0.54(1.15+4.6) x 10 


eau: 
UL Ss pay t 47,000 V. 

Thus, the =o for charge and voltage are the same as those obtained by the 
exact suiseincion method. The voltage curve is calculated mexax by the simplified 
method. The values of the table belew are shown in Figure 12. 

The Greinacher circuit can be loaded up to 75 mA without voltage drop. Above 
that load, the voltage drops at a rate of 1.6 kV Tee mA. The circuit can be loaded 
up to 100 mA. At 75 mA, the ripple is of the two-phase kind, as f = 100 cps with 
a voltage fluctuation of 47 kV for one condenser. 

sg does not take into account the 9 char ee we will cause the voltage 
on both conietbele Srey ee emer* ape contact contact angle of 75° the voltage 
wil drap by (47 x 75°)/360° = 9.8 kV. The: voltage. sum ‘at 75° thus drops by 2 x 9.8 
or 19.6 kV. . : 

This gives an approximate effective value of 19.6/ ae ) = 6,93 or approx. 7 kV. 

Caleulating on the basis of 400 kV, we obtain a ripple of 1.'75%. Thus ; smoothing 


of the DC can be dispensed with. 
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Greinacher Circuit 


Vein = Hy + a- Vegi n) @, = u,/p if = 0.87 x 4, 
KV ky re he A 
1 0b £(70 +104) = 87 0,62 0.54 
2s 130 3(86+ 120) =103 0.736 0.64 
3 Ls 4(101-235) =118 0.842 0.732 
he 100 — $(1164150) =133 0.95 0.826 
ee it ede i, = 0.02 Uy * We Vea “Cees. cL Ug™ Ug, 
As mW kV kV 
1. 1.552 x 1073 7726 47.0 169.5 339 
2. 1.8 x 107? 92 55.7 158 316 
3. 2,102 x 107? 105.1 63.7 U7 29h, 
he 2.375 x 107? 118.75 71.9 136 272 
A, = 4g U, 
1. 26.3 
2. 29.1 
3. 30.9 
he 3243 


A A EE AE: RANE: —dewnmnmement  reln 


6. The Three-Phase Bridge Cireuit with Three 


tin RES ts SONA pot PA ERTS 


vente neti Tiere. 
Like the Villard circuit and the Greinacher circuit, the bridge circuit (Fig. 
13) also doubles the transformer voltage. Hach aa carries current for 120° el. 
in each half-period, so that the transformer’ ga best utilized in this circuit. 
In copparison with the other circuits, this one is capably of carrying the highest 
‘load. The ripple of the DC is six-phase, so that smosthing is greatly facilitated] 
| However, the amplitudes of the harmonics are great, because the rectifier has a 
high ignition voltage which ne soy effect! ‘nithout the inclusion of a charging 


condenser in the circuit. The DC mst therefore be smoothed umer any conditions, 
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A disadvantage is fact, that the eircuit requires three Sranatormers, ‘Therefore 
hd av'ty Te terina 

only, single-Miina DC can be produced. One DC POA must be pioanded: If the grounding 
is symmetrical with ck respect to the BC voltage, i.e. if the star point of the 
transformer is grounded, the rectifiers must not be rounded. The synchepnous motors 
would have to be supplied through three separate Sahai? convertebs which would 
- have to be gammmnind insulated against ground fer the peak value of the DC voltage, 

The large contact angle of 120° el. for the mechanical rectifiers is an un- 
favorable design feature, . 

The curves of the potentials os the switching points are stone in Figure 13. 
As with all circuits, they are ore on a transformer voltage of Up = 250 KV ay 
The ignition voltage of 70 kV increasas the ripple which shows a voltage difference 
of 90 kV. Therefore, smoothing is required. The DC voltage has a mean value of 
Ug = 410 kV. The secondary phase current of the transformer is calculated as 

Jr = 0.816 J g° 

The permissible DC is thus: 

J_= Jy4/ 0.816 = 0.5/0.816 = 0.612 A - 


z eee 


In the bridge circuit, the rated output Lawipisi ; iii 


is only N = 1.05 N,. Accordingly, the DC load cat be increased to 250/1.05 = 238 kw. 
The blocking voltage of the valve arreys, at a DC voltage of 410 kV, mst be 
U, = 2.48 Up = 433 kV. 


8p 
6,1. Smoothing of the Voltage in Three-phase Bridge Circuit 
Fandamtuta 


aay frequency of the EN AC vohtage superimposed on the DC voltage, according 
to Figure 13 : f = 300 cps 

Peak value of the DC voltage: Uiage 430 kV 

Lowest instantansous value of the DC voltage: U nae 3L0 kV 

Estimated effective value of the fundamental wave: U = (430 -340) / 2/2 = 31.8 kV 

or, roughly, U= 30 kV. eff? 200 cps. 

In order to avoid setting up an oscillating circuit made up of choke and con- 
aenaets the voltage ee is to be attempted by means of an ohmic resistance and 
a condmaser. 

Figure w shows the equivalent circuit aaeerea, The permissible voltage drop on 
the Ree re ata DC mukk innit load of 50 mA, is 
‘Approved ter ReR&ase 808%01/16 : ClA-RDP83-00434 aikido 20008-2 
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Po , 
Magnitude of the smoothing resistance: 


wekfoo8 * 8000/0.05 = 160,000 ohm; 
vane posed 


The amir fundamental wave, scncenpecbasbonones;, is to be reduced to an 


» effective value of 2% of the DC vbatage: 
i 8000 Vere - 

AC voltage on the smoothing resistance: 
Up = | 30°-82 = 29,000 V. 

ag in the smoothing resistance: 

Jy = 29,000 V/ 160,000 = 0.181 A 
Capacitance of the smoothing condenser: 


c = J, /- (Wy) = 0,18t /( 237% 300 x 800) = 12 o00mmed. 


« the smoothing resishence: 
N,™ Jp” x R= 0,057 x 160,000 = 400 W 
Ny = Jy” x R= 0.1812 x 160,000 = 5250 W 


HN, +g = S625 5650 W. . 
 powet diss;pahed in 
repk: + “be -performed gf the resistance is too high for air cooling.The 


superimposed AC, of 0.181 A, with a rated transformer current of 0.5A,1is also quite 
high. If the smoothing resistance is increased, the voltage drop due to the DC be~ . 
comes findesirably large. It thus seams more practicable to effect the smoothing by 
means of a choke and a condenser connected in series, 
As above, the DC voltage is to be smooth’ to a 2% ripple. The superimposed 
AC should not be greater than Jy = 0.054, because of the transformer load. 
Dapacitance of the smoothing condenser : 
C= Iy/( Uy Uy) = 0.05/(8000 x 24, x 300) = 3320 mm fd, 
Since the condenser can be given larger dimensions at little extra cost, its 
capacitance was chosen as 5,000 mmfd, 
Voltage on the condenser: _ 
Ug * dy/We = 0.05/ ( 277 WO x5 x 10°”) = 5,300 Vv. 
Voltage on the choke: 
G. = Uo Ue % 30,000 = 5,300 = 21,700 V. 
Inductance of the choke: 
L = Up/(Jy W ) = 24,700/(0.05 x 2,’ ' 300) = 262 henry 5, 


: -RDP 004400020008-2 
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6,2 .Ghpsc resistance 


In the nae of switbhing on of the apparabas, i.e. during ignition of the 
rectifier, the pee inductances of two transformers and ne smoothing choke are in 
series, 

L = 162 +162 + 262 

L = 586 ¢pei hearys , 

Resistance for aperiodic damping : - 

R=2 L/C = 2\ 586/(5x107?) = 684,000 ohm‘, or, seer 700,000 ohm. . 

A damping resistance of Ry = R/2 = 350,000 ohmsis required for each transformer. 

Voltagg drop due to damping resistances: | a 2 

Upedgx2xhy a 


; Ba UR 

ste tee eee, 
20 14,000 
50 35,000 

100 70,000 


i 


The damping resistance becomes four times as great as the smoothing resistance. 
It would thus be more practicable, after all, to increase the smoothing resistance 
and to leave out the damping resistances and the choke. . 

‘Zhe new smoothing resistance was chesek at: R = 300,000 ohm.*- 

AC voltage on the smoothing resistance, as above: Up = 29,000 YV. 

AC in the smoothing resistance: U, = 29,000/300,000 = 0.0966 A. 

Capacitance of the smoothing condenser: C= J,/ (uty) = 0,0966/( 2u7x 300 x 8000) 

= 6410 mmfd. 
Capacitance chosen: 10,000 miwifa- 


ower sn 
DC voltage drop and Catpubsgt the resistance: 


J (ma) Pew) IR iv) 
10 w 30 * 3,000 £ 

30 270 9,000 

50 750 15,000 


70 - 1470 21,000 
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3 The Bingle-Phase Bridge Circuit with two 


pri rime canes 


‘Ball Rectifiers and prep tneed | Centact Angle 16 

The prinetyie of the single-phase res circuit is shown in Figure B. The 
potential curves are shown in Figure %. The DC condenser is charged by the full 
transformer ‘voltage during each ie iis The ripple of the DC is therefore two- 

- phase. The transformer utilization. nis ‘high, so that a high DC load is possible. 

The di cadumtage of this circuit lies in the necessity of setting up two sepa- 
rate rectifiers for one set. These rectifiers mst run synchronously, displaced. in 
phase by 180°. The transformer cannot be grounded, gist TA, in the Greinacher 

’ eircuit. The two lines increase the dimensions of the SPESIAV Re 
The theoretical peak value of the DC voltage is u, = = Up eff Wa, The bisdiane 


voltage, however, is! 


U.. = x 2x2. 


sp ~ "tere | te 
af 
This is twice as high as the De, generated, The shaesine process resembles that 


of the Greinacher circuit. The ace angle thus can also be set at 75° el, 


The calculation is the same as in the @ase of the Greinacher circuit, 


7,1. Dimenst oning of the DC condenser. 
Maxciyom DC: Jg = 0.05 A 
‘Average DC voltage: Up = 400: k¥ 
As before, the permissible voltage fluctuation is 30 kV, 
Since this chhrging proeess covers 75°, the discharge of the condenser takes place 
in p = 180° - 75° = 105° 61. or 
P= (0.01 x 105°) /180° = 0.0058, seconds. 
. Discharge: \ 
Q, = 0.05 A x 0.00584 seconds = 2.9 x,10™ as. 
Unax = 500 kV | ; 
Unin = 470 kV | o 
i) 9S 622 | | 
2.) Q! = C Unin | 
3.) Q, = Q-Q' = 2.9 x10 as. 


1,2.) Q'= Q x 470/500 ( ef. above, Villard circuit) 
3.) @ = Q xh70/500 = 2.9 x10" As 
oved For edse 2002/01/16 : CIA-RDP83- 00415R004400020008- 2 
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Q = 0.00484 Coulomb 
1.) € = Q/Unax = 0.00484/ 500,000 
teynt ww ae 
C= 000981 = 0.01 Jae = 10,000mmrd - 


7:2. Cakculation of the load characteristic 


Contact angle, like in the Greinacher circuit, = 75° el, = 4.165 x 107? sec, 


Damping resistance: 
/c = 2\162/1078 = 250,000 


Because of the small condenser, the damping resistance becomes very high. 
; br ots : ¢t 
Therefore, the peak value of the charging current wacom lower than it would have 


been on the basis bie de 
mg tonsiderat ionjor the transforser output. The condenser should therefore & 


ave 
(dimes ionedzéo twiee the calculated capacitance. 
C= 20,000 mmtd » 
Hew damping resistance: 


R alive = 2\ 162/(2x10~8) = 180,000 ohms 


A value twice that used for the Villard and Greinacher circuits must be used 


for the transformer voltage. 
Up = 500 kV 
= 354 kV , 
age” 354 RF 
Tine constants: J, = L/R = 162/180,000 = 0.9 me = 16° el, 
: , 8 
Te = RC = 160,000 x 2x10 w 3.6 ms = 64 ol, 


t i ‘ 
the caleuladsers ay cared pu F as In the fee @ at 
Greinacher eyveart , 


Charging voltage: 
= Cw ~u ) + ( Up = U6 min) 7 


u, = Up sin wt, = 500 x 0.866 = 434 kV 


U-B, = 704KV 
2 Cmin . 
Un, = 43h = 70 = 364 kV - 
min 

U, = ( 70+136) = 103 kv 


Charge: 
The caleua&stion of the condenser charge is carried out according the method used 


for the Greinacher circuit, 
a=B fi, €%1 +72)//2 
ms /® = 103/180 = 0.57 A 


4 a eize eae Release 2002/01/16 : CIA-RDP83-0088 #4004400020008- 2 


—21-— 


Approved For Release 2002/01/16 : ee RET 
Q2=4 £0.46 (0.9 +3.6) 10727 = 1.035 x 107? As 
With the larger charging angle of 75°, the discharge of the condenser due to 
the corona current during the charging time cannot be neglected. For the sake of 
simplicity, we shall at first carry out the, We lgulation 3 as though there were is 


The bt rf faleou ba best: of 5 uli Lg 
lead during the charging time. In-det Carnining-the-DC,the f pA, is taken—into 


abatn. The correct condenser charge can be determined only by thah inexhod : 
aa ( 1.035 x 10 7) /0.01 = 103. 5 mA 
During the contact time the discharge is: 
Qt mi ig = 103.5 x10 x 4.165 x 1072 = 0.132 As 


The condenser charge is fey Gajlowen’ than the charge Q supplied by the trans- 
former. | ; 
Q¢ = - Qa (1.035 ~ 0.432) 107? As = 0.603 x 1073 As 
The condenser voltage is increased by 
Ug = Q,/¢ = ( 0.603 x 10°) /( 2x 10°) = 30150 V 
Ug = 30,000 V 
The calcukation can be simplified. The dicharge by the DC during the time of 
contact is: | 
Qa = Q x a/180 
Actual charge of the condenser: 
A #2 = Oy = Q- Grex /180 
Qo = ( 1 -/180) 
Qo =x 0.58, 
Voltage increase of the condenser: 


Ugy, = (Q x 0.584) /C = ( 1.035 x 1973 x 0,584) / (2x 107°) = 30,000 Vv 
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Singe-Phase Bridge Circuit 


EER Re NER enis ~~ Katee AR i Albee 


Mogmin UL = AL (Uz Uy )* (Up ee ie ty, = 0/8 
BLCH34 Ups.) + (500 = Uti nd7 
KV kV A 
1. 364 103 0.572 
2; 350 117 0.67 
3. 335 132 0.757 
he 320 147 0,841 
H' = 0.84, OF h4Of+ p= 180/T QF Bet 
. 2.25 x10? 4, Q x0.58h Q,/c 7 
; A As mA As Vv er 
Lee; 0.458 1.03 x1073 103 0.6 30 ,000 
2. = 0.537 1.205 x 1073 120.5 0.704 35,200 
3. 0.604 1.36 x 1079 136 0.794 39,700 
he 0.673 1,515 x 1073 151.5 0.88, bh. 200 


kW 
i 379,000 39 
2a 367,600 hhe3 
3. 354.4850 48.3 
he 341.100 51.7 
aan Se ee ar 


Figure A shows the transformer voltage and the DC voltage on the condenser at 
critical load, i.e. at maximum DC wosixxkxkies voltage and with the maximum DC which 
can be eae without a voltege drop. 

Figure £@ shows the DC voltage as a function of the load. At above~critical 
load, the voltage drops at a rate of 0.8 kV per mA. The circuit can be loaded with 
more than 100 mA. Thus the bridge circuit is the most efficient of the circuits 


employing one transformer, 
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\The advantage of the high load capacity of the carey is canceled by the . 


disadvantage of the necessity for a large amount of equipment. Two rectifiers mist 


vo tina 


be used, Each Valve array mist have « blocking voltage 0k iooo kV max? 28 compared 


to 500 kV in the Greinacher and the Villard circuits, ~~ 


, 


‘a 
_S. , Comparison of the @ Cireatts Di Discussed Above 


“the table below gives a compijation . the circuits © Anvestigated Iie 
(of the bet important” “data, for | - . ‘ 
The! greatest DC is aauied: by the three-phase bridge civcdrt. This circuit is — 
the only one in which the tmp ripple does not sever on the load. The tBhree—phase 
bridge cireuit, _ however, cannot be used for the corona: measuring apparatus, because 
ib can generate only a single-fimep. ma voltage against ground. For corpna measurements, 


ouble-pelarity 
DC voltage with grounded center is more appropriate, since not all ° 


f Corowa ). 


charge carriers, travel from the line to ground, but also from one line to the other, . 
The single-phase bridge circuit is also very efficient. However, this cireuit 
aes does not warrant Pee, since ith requires two rectifiers with four 
valve arrays and a blocki ti voltage alin) 1000 kV per valwe array. All other circuits 
require a blocking voltage? only 500 kV. 
The Greinacher and the Villard circuits still remain to be’ considered. The Semixwey 
Greinacher circuit be eer a better a ee because a DC voltage condenser is 


piel A ment avy ae fae 
“supplied with a A charge ] BOR half-period, The fundamental fre~_ 


queacy of. the siperiapsss AC voltage is twice as high and the amplitude only helf 
as great as in the Villard cirduit. No special smoothigg of the DC voltage is required 
in the Greinacher circuit » since the effeckive value of the fundamental wave at 75 mA 
DC voltage is only 3.9% of the DC voltage. The Greinacher circuit is also the cheapest 
to build. | 

it is therefore suggested that two a sets on the principle of the. 
Gpeinacher circuit be built for corona measurements, Each sot consist of the follewing 
comphnents . 

1 tdxting transformer, 500 kV ( from the tiesecuiaee DC measuring set ) 

1 mechanical rectifier, blocking voltage 500 KVinnx Per valve array, contact angle - 

75°m el. . 
1 damping resistor, 14,0 kilohn 
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Comparison of the Circuits 
Villard circuit with 


1 transformer 3 transformers 

No. of transformers 1 _ 3 
Transformer peak voltage Up » kV 250 250 
DC peak voltage, U, 2\2 U, a $00 ale Uy oe So0 : 
DC voltage, mean value ,Ug kV 2B 360 _ SM 388 
Amplitude of DC voltage ripple ,kv 5.5 Exk 26 
DC veltage, ee on 400 kV, & lA | be — 
superimposed AC voltage, kVore 369 | 18.4 
Superimposed AC Voltage based bn 400 kV, Z 7 4.6 
superimposed AC voltage, frequency 50 | 50 
erdtical Dc, J, , mi 18 / 86 
maximum DC, Jemages mA 18 140 .« 
above-critical voltage drop, kV/mi 7 1.2 . 
No, of mechanical rectifiers 1 1 
Rectifier bhacking voltage, KVinax 500 500 : 
Rectifier contact angle, Sel, | 2h 38 i 
No. of DC abides 2 2 . 
Condenser voltage, k¥ 250 and 500 250 and 500 
Condenser Capacitance, mnat,| | 2x 33,000 2 x 33,000 eee 7 
No. of damping resi stances 1 3 
Ohmic value of resistances 140,000 3 X 140,000 
Capacitance of smoothing condenser, wat i - - 

5 ¢$ lene p 
Ohmic value of smoothing A@tdgaser.. ° - - 
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Greinacher circuit Bridge circuit 
a | single-phase three-phase - 
a 3 1 3 
: - 250 2500 250 
als No ee = 500 ; b te 500 al Bae 4,33 
| ts 339 7 379 SkBx 1,10 
: 10 15 45 
2.5 | 3.8 1 
25.5 10.6 31.8 
| pee 3.9 207 8 
100 | 100 300 
7 100 ee 
7 100 | 160 600 
1.6 0.8 0.7 
1 2 3 
500 1000 500 
vb) 75 120 
2 1 « 
2x 250 500 “= 
2 x 33,000 20,000 . ~ 
a. 7 1 7 
140,000 180,000 “ 
2 2 1 x 10,000 
ws | a | 300,000 
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List of Illustrations 
Figure 1: Villard circuit, circuit diagram 
| “Phgure 2: Villard circuit, Potential] and Current curves. 
| Potential difference D/3 = DC voltage 
Figure 3: Are curves according to Oberdorfer, 1939. 
Bogenlange = length of arc 
Strom = current 
Brennspanmung = constant gion potential 
Figure kh: Condenser charging Ong, choke and resistance 
Kondensatorspannung = condenser voltage 
Ladestrom = charging current 
Zeit = time . 
Figure 5: Villard circuit with one transformer . Condenser charging and DC voltage 
Trafospanming = transformer voltage | 
Gleichspannung = DC voltage 
Ladestrom = charging current 
Strom = current j | . 
Figure 6: Villards circuit with one transformer. DC voltage as function of load . 
Gleichspannung = DC voltage | . 
Frequenzinderung = change in frequency 
Gleichstrom = DC 
Laistung = output 
Aufladung = charge 
Figure 7: Villard ‘circuit with three transformers, Condenser charge at max. DC voltas 
‘Trafospannung = transformer voltage 
Gleichspannung = DC voltage 
Ladestrom = charging current _ 
Strom = current 
Figure 8: Villard circuit with three transformers, DC voltage as function of load. 
Gleichspannung = pY voltage 
Fregquenzimderung = Change in frequence 
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Leistung = output 
Aufladung = charge 
Gleichstrom = Dc 
Figure 9: Greinacher circuit. Circuit diagram. 
Figure 10: Greinacher circuit. Potential curves. 
Gleichspannung beg Erdung von...= DC voltage with ... grounded 
Spannung = voltage | 
Figure-11: Greinacher circuit. Condenser charging. 
Spanming = voltage 
Strom = current 
Berechneter Ladesbpem = caiculated charging current 
Masstab = scale 
Figure 12: Greinacher circuit. DC voltage as funetion of load. 
Gleichspannung = DC voltage 
Leistung = oubput 
Aufladung = charge 
Gleichstrom = DC 
Figare 13: Three-phase bridge circult. Circuit diagram. 
Figure 14. Three-phase bridge circuit. Potential curves. 
Gleichspanmung = DC voltage 
Spanming = voltage 
Zindspanmung = ignition voltage 
Spannungen gegen den Sternpunkt = potentials against star point * . seutvel ) 
Fig. 15. : Voltage smoothigg in three—vhase bridge circuit. 
Figure 16: Single-phase bridge cireuit. Circuit diagram, | 
Figure 17: Single-phase bridge circuit. Potential curves. 
Spannung = voltage. | 
Figure 18: Singh@-phase bridge circuit. Condenser charging. 
' Spannung = voltage 
Trafospannung = transformer voltage 
Gleichepanmung = Dg voltage 
Figure 19: Single-phase bridge circuit. DC voltage as function of lead. 
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Gleichspannung ™ DC voltage 
Leistung = output 
Aufladung = charge 
Gleichstrom = DC. 


Handwritten pages: Errata. The text of the translation has been corrected accordingly. 


SECRET 


Approved For Release 2002/01/16 : CIA-RDP83-00415R004400020008-2 
-28— 


